Theory predicts that increasing biodiversity will dilute the risk of infectious diseases under certain conditions and will amplify disease risk under others. Yet, few empirical studies demonstrate amplification. This contrast may occur because few studies have considered the multivariate nature of disease risk, which includes richness and abundance of parasites with different transmission modes. By combining a multivariate statistical model developed for biodiversity-ecosystem-multifunctionality with an extensive field manipulation of host (plant) richness, composition and resource supply to hosts, we reveal that (i) host richness alone could not explain most changes in disease risk, and (ii) shifting host composition allowed disease amplification, depending on parasite transmission mode. Specifically, as predicted from theory, the effect of host diversity on parasite abundance differed for microbes (more density-dependent transmission) and insects (more frequency-dependent transmission). Host diversity did not influence microbial parasite abundance, but nearly doubled insect parasite abundance, and this amplification effect was attributable to variation in host composition. Parasite richness was reduced by resource addition, but only in species-rich host communities. Overall, this study demonstrates that multiple drivers, related to both host community and parasite characteristics, can influence disease risk. Furthermore, it provides a framework for evaluating multivariate disease risk in other systems.
Introduction
Many of the impacts of pathogens and parasites (hereafter, 'parasites') on human, wildlife and ecosystem health have been attributed to shifts in the diversity and abundance of parasites [1] [2] [3] . Parasite diversity and abundance are often highly variable [4] , and understanding their ecological drivers has therefore become a central goal of disease ecology [5] . Two elements of host communities that commonly influence the diversity and abundance of parasites are host diversity and resource supply to hosts [6, 7] . These relationships may be influenced by characteristics of host and parasite species [8] . Moreover, within host communities, the total number of parasite species and the abundance of parasites per host may be positively correlated [9] . Comparing shifts in parasite richness and abundance may also reveal ecological processes connecting host and parasite communities. Shifts in parasite richness may be attributable to changes in parasite colonization among communities, whereas shifts in parasite abundance may be attributable to changes in among-host transmission within communities [5] . Yet, because these characteristics of host and parasite communities are tightly connected, understanding parasite richness and abundance requires careful evaluation of complex, non-independent relationships among hosts and parasites.
Resource supply to hosts may influence parasite richness and abundance. In communities of free-living plants and animals (i.e. non-parasitic organisms or life stages), increasing resource supply by fertilizing intact communities often reduces species richness across trophic levels [10, 11] . If increasing resource supply to hosts increases the availability of nutrients to the parasites that feed on those hosts, then this could reduce parasite richness within hosts by a similar mechanism (e.g. removing resource limitation). Similarly, if resource supply increases host biomass or host tissue becomes more nutritious [12] , then this could lead to an increase in parasite abundance.
Host diversity may also influence parasite richness and abundance. Parasite richness in plant and animal hosts often increases with host richness, because higher host richness represents a more diverse pool of resources for parasites to colonize [13] [14] [15] . Unlike parasite richness, parasite abundance may respond positively or negatively to increasing host diversity. First, increasing host diversity may decrease the abundance of one or more parasite species by reducing transmission within communities, representing a dilution effect (e.g. [16, 17] ). Second, increasing host diversity may increase parasite abundance representing an amplification effect [18, 19] . Empirical evidence exists for both dilution and amplification, though dilution effects have been observed more frequently [20] .
The influence of host diversity on parasite abundance may depend on characteristics of host species, and thus the composition of host communities. For example, a dilution effect is often expected when the most competent hosts persist as host species richness declines. Thus, increasing richness decreases the relative abundance of the most competent hosts, reducing their effect on disease transmission [21] . Alternatively, an amplification effect may occur when the most competent hosts do not persist as host species richness declines, though this pattern lacks empirical support [20] .
Amplification may also result when changes in composition are random with respect to species richness [22] . This explanation for the amplification effect is paralleled in the biodiversity-ecosystem function literature by the sampling effect. A sampling effect may occur when communities with higher species richness, by chance alone, contain the most productive species within a local species pool [23] . This may explain why experimental communities, constructed from random draws of species, are more productive at higher levels of species richness [24] . Similarly, randomly assembled host communities of higher richness are more likely to contain the most competent hosts by chance, which can result in disease amplification [22] . Thus, a sampling effect may generate a positive relationship between host diversity and parasite abundance due to variation in composition, even when host composition varies independently of host richness.
Variation in host composition may also explain how host diversity and resource supply interactively influence parasite abundance. For plant and animal parasites, the most competent hosts may be adapted to high-resource environments [25] [26] [27] , potentially linking host composition and host resource supply to changes in parasite abundance. Host composition can also vary predictably with host richness [16] , and the association of both composition and richness with resource supply may explain why experimental fertilization of an alpine meadow weakened the dilution effect in one study [6] , but strengthened the dilution effect in another [26] . Distinguishing effects of diversity that are attributable to host composition from those attributable to host richness has been a challenge for disease ecologists [5, 28] . This problem can be overcome by constructing communities that replicate multiple species compositions within species richness levels [29] , allowing researchers to attribute changes in ecosystem function to changes in species richness, composition or both.
Effects of host diversity and resource supply on parasite richness and abundance may also depend on the parasite species' characteristics. One key parasite characteristic is whether its life cycle includes a mobile free-living life stage or vector, because this can determine whether the parasite experiences more density-or frequency-dependent transmission. Parasites with a mobile free-living life stage or vector may be able to find hosts even at low host density (i.e. they experience more frequency-dependent transmission), while for other parasites, the rate at which they contact hosts may decline with host density (i.e. they experience more density-dependent transmission, [30, 31] ). Disease amplification requires any diluting effects of decreased host density to be overcome by changes in host composition [21] , and frequency-dependent transmission can allow parasites to persist when host density declines with increasing host richness [32] . Moreover, frequency-dependent transmission may make parasite abundance more sensitive to changes in host composition [33] , contributing further to amplification effects.
Given the complexity of pathways connecting host and parasite diversity and composition, a promising method for simultaneously quantifying these pathways is the ecosystem multifunctionality framework [34, 35] . While early studies of ecosystem functioning evaluated the effect of biodiversity on each function separately, the ecosystem multifunctionality framework aims to describe how biodiversity alters relationships among multiple non-independent functions [36] . This approach can also be used to measure how insect and microbial parasite diversity and abundance respond to host diversity and resource supply to hosts (figure 1). Here, we follow the approach advocated by Dooley et al. [35] , by analysing ecosystem multifunctionality with multivariate response regressions. This allows the comparison of treatment effects across multiple non-independent responses. This study used the ecosystem multifunctionality framework to evaluate how host diversity and resource supply interact to influence parasite abundance and richness. Specifically, we experimentally crossed host species richness Figure 1 . Relationships among host diversity, resource supply to hosts, parasite richness and parasite abundance can be decomposed into their component parts. Host diversity effects can be decomposed into those that are driven by variation in host composition and those driven by variation in host species richness. Parasite richness and abundance can be decomposed into characteristics of parasite species, such as parasite taxonomic groups (here, insects versus microbes).
rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171340 and composition with resource supply to hosts, in a herbaceous, perennial-dominated old field in North Carolina, to address three questions: (i) Do host diversity and resource supply to hosts interact to influence parasite richness and abundance? (ii) Does host composition influence parasite abundance, or are the effects of host diversity attributable to changes in host richness alone? (iii) Do the effects of host diversity and resource supply differ among insect and microbial parasites?
We hypothesized that parasites experiencing frequencydependent transmission would be more likely to undergo disease amplification than species experiencing densitydependent transmission. From this general hypothesis, we derived specific predictions for different types of parasites infecting plants. Insect parasites of plants, such as galling and leaf-mining insects, spend a larval life-history stage parasitizing a single host individual, but transmission is by free-living adults that can seek out host plants for their offspring, which is expected to lead to more frequency-dependent transmission [37] . By contrast, many microbial parasites of plants that lack insect vectors are passively transmitted, which is expected to lead to more density-dependent transmission. Consequently, we predicted insect parasites to experience disease amplification more commonly than microbial parasites. In contrast to parasite abundance, effects of host diversity and resource supply on parasite richness have not been hypothesized to depend strongly on density-versus frequency-dependent transmission of the parasites. Hence, we did not expect treatment effects on parasite richness to differ between insect parasites and microbial parasites.
Material and methods
We performed this study at Widener Farm, an old field in Duke Forest Teaching and Research Laboratory (Orange County, NC, USA) that produced row crops until 1996. Since 1996, the site has been mowed to produce hay. It is dominated by perennial, herbaceous plants. The study employed a randomized complete block design with three factorial treatments: (i) we manipulated native plant (i.e. host) richness with multiple native community compositions at each level of richness, (ii) access by foliar fungal parasites and insect herbivores, and (iii) soil resource supply. The full details of these experimental treatments can be found in Heckman et al. [38] , which reported the effects of the experimental treatments on colonization of the plots by exotic plants, but not effects on parasites. Here, we used only plots in which access by foliar fungal parasites and insect herbivores was unmanipulated. We therefore report results from the manipulation of host richness, community composition and soil resource supply treatments only, and we do not report results from the manipulation of access by foliar fungal parasites and insect herbivores. This yielded a study that comprised 120 plots (5 replicate blocks Â 2 resource supply levels Â 2 host richness levels Â 6 native community compositions).
(a) Host composition and species richness
In May 2011, we established five spatial blocks; each block included 64 1 Â 1 m plots with 1 m aisles between plots. In each block, 16 plots were not planted and are not included in this study. The existing vegetation was removed from each plot using glyphosate herbicide (Riverdale w Razor w Pro, Nufarm Americas, Inc., Burr Ridge, IL, USA). We did not apply herbicide to aisles between plots. Two weeks after herbicide application, we removed dead vegetation and covered all plots with landscape fabric.
Each plot was assigned to one of two levels of host species richness: monoculture or five-species polyculture. From a pool of six species, we assembled 12 planted communities: six monocultures and six five-species polycultures where one species was excluded from each polyculture community. Host species were selected from a pool of six native herbaceous perennials already present at Widener Farm. We selected host species that were present locally to ensure site suitability and to increase the likelihood that pathogens and herbivores capable of exploiting them were present locally. Our species pool included three grasses (Andropogon virginicus, Setaria parviflora and Tridens flavus) and three forbs (Packera anonyma, Scutellaria integrifolia and Solidago pinetorum).
In summer 2011, plants were propagated in the greenhouse at the University of North Carolina at Chapel Hill for eight to 12 weeks, then transplanted into the soil through a small hole in the landscape fabric covering the plot. Each plot contained 41 individual plants, spaced approximately 10 cm from its nearestneighbours in a checkerboard pattern. Polycultures contained nine individuals of one randomly chosen species and eight individuals of the other four species. In early summer 2012, we replaced all individual plants that had not survived the previous winter. Setaria parviflora was planted only in 2012 because it replaced a species that was planted in 2011, but failed to establish in any plot. In July 2012, we removed landscape fabric from all plots and removed non-planted individuals by hand. From that point forward, plant community richness and composition were unmanipulated.
(b) Resource supply treatment
We began resource supply treatments in July 2012, soon after we completed planting. To manipulate soil resource supply, each plot was assigned to one of two resource supply treatments (fertilized with 10 g N m 22 as slow-release urea, 10 g P m 22 as triple super phosphate and 10 g K m 22 as potassium sulfate versus not fertilized), hereafter referred to as the fertilization treatment. This level of fertilization was chosen to alleviate nutrient limitation and has been used in other field studies (e.g. [39] ). We applied slowrelease forms of each nutrient in order to elevate nutrient supply to experimental communities throughout the growing season.
(c) Quantification of host abundance, parasite abundance and parasite richness
We visually quantified the per cent cover of all planted species in each plot in July 2012 using a modified Daubenmire method [38 -40] . To account for plot-level edge effects, we quantified the absolute cover of each species in a marked 0.75 Â 0.75 m subplot in the centre of each plot. In late September of 2012, when parasite abundance was greatest (FW Halliday, unpublished data), we quantified parasite richness and abundance by haphazardly surveying five individuals of each planted species in each plot, for a total of five host individuals in each monoculture plot and 25 host individuals in each polyculture. We visually inspected the five oldest leaves per host individual for damage by foliar parasites. On each leaf, insect and fungal parasites were categorized into morphospecies based on symptom morphology and fungal fruiting body structures when visible (e.g. [6, 14] ). We then visually estimated the per cent of leaf area damaged by each foliar parasite morphospecies by visually comparing damage on leaves with reference images of leaves of known damage severity [7, 17, 41] . Insect parasite morphospecies vouchers were verified by the North Carolina State University plant disease clinic. We limited our data to the subset of insect herbivores that were leaf parasites by including only insects that spent an entire life-history stage parasitizing a single host leaf. This included leaf-mining and -galling insects, and tent-forming caterpillars. Fungal parasite morphospecies vouchers were either verified by the North Carolina State University rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171340 plant disease clinic or by culturing fungal isolates from surfacesterilized lesions in 2% malt extract agar. The cultured fungal isolates were sorted using morphological characteristics, then total genomic DNA was extracted from each unique culture using a RED-Extract-N-Amp Plant kit (Sigma-Aldrich, St Louis, MO, USA). The ITS region was amplified from the extracted DNA using the fungal-specific primers ITS 1F and ITS 4. The sequences obtained were compared with those from GenBank using the Basic Local Alignment Search Tool (BLAST, http:// blast.ncbi.nlm.nih.gov), yielding genus names for a subset of morphospecies (electronic supplementary material, table S4).
To compare parasite richness between monocultures, where we sampled five host individuals, and polycultures, where we sampled 25 host individuals, we performed 'site-based' rarefaction on the count of parasite morphospecies [42] , treating host individuals as sites. Specifically, in each polyculture plot, we randomly sampled five host individuals (one of each host species) without replacement and counted the total number of parasite morphospecies in that subsample. We then permuted this 999 times and took the average rarefied parasite richness for each plot across those 999 permutations. This rarefied estimate of parasite richness, as well as the use of parasite morphospecies instead of parasite taxonomic species, produces a conservative estimate of the parasite species richness in each plot.
We quantified parasite abundance in a plot by calculating the mean leaf area damaged by each parasite on a host, averaged over all host leaves, including uninfected leaves, multiplied by the relative abundance of that host and then summed across all hosts in the plot (i.e. [17, 43] ). Unlike raw damage, this is a measure of parasite density in a plot and is therefore independent of variation in host biomass, which can respond strongly to host diversity and resource supply to hosts. This measurement of parasite abundance represents the outcome of transmission among hosts [5] .
(d) Data analysis
We analysed all data in R v. 3.2.3 [44] . To model the effects of host diversity, fertilization and their interaction on parasite abundance and richness, we used the nlme package for linear mixed-effects models [45] . Each model included fertilization, host diversity and interactions between these factors, as well as block, as categorical fixed effects.
To meet assumptions of homoscedasticity and normality of residuals, we hyperbolic arcsine transformed parasite abundance. We used the hyperbolic arcsine instead of a conventional logarithmic transformation because, unlike the log-transformation, which amplifies small differences in near-zero values, the hyperbolic arcsine approximates a linear-transformation for small values, while still providing a nearly logarithmic transformation of high values [46, 47] . When we were unable to fully remove heteroscedasticity via transformation, we also included an identity variance structure that modelled residual variance separately by treatment level using the varIdent function in package nlme [45, 48] . We visually inspected the residuals of each model, separately modelled the variances of the treatments that contained the most heteroscedasticity, and then replotted residuals to confirm that heteroscedasticity was eliminated (e.g. [43] ). For all such cases, residual variance was modelled separately by host diversity treatment.
Our multiresponse regression model included four dependent variables: insect parasite richness, microbial parasite richness, insect parasite abundance and microbial parasite abundance. We standardized the response variables to the same scale by dividing each observation by the maximum value for that response. To model whether effects differed among these responses, we constructed a multiresponse regression model of k responses, where the equation for the kth response is of the form:
where b ik is the main effect for predictor i for response k and the variance-covariance matrix is a block diagonal matrix with a k Â k block for each plot; within each k Â k block, the diagonal entries are the individual response variances and off-diagonal entries are the covariances between the errors of each pair of responses (e.g. [35] ).
The multivariate response model can be evaluated in two ways. A multivariate ANOVA can be used to test whether the aggregate response is influenced by predictors in the model; this analysis should be interpreted with caution, however, because the individual response with the most complex interaction structure will determine the results of the test [35] . Alternatively, multivariate response modelling is well suited for pairwise comparisons of fixed coefficients among responses and treatments; therefore, we base our inferences on these pairwise comparisons.
For each multivariate regression model, we performed a multivariate ANOVA to determine whether host diversity and resource supply interactively influenced the aggregate response. Non-significant interactions make pairwise comparisons of the fixed coefficients difficult to interpret in this multivariate framework [35] . We therefore simplified the model to remove interactions that were non-significant in the multivariate ANOVA (following [48] ). Pairwise comparisons (t-tests) of the fixed coefficients in the final model were averaged over the block effect using the lsmeans package [49] . Coefficients were determined to differ significantly with unadjusted p , a*, determined by the Bonferroni correction for four response variables, a* ¼ 0.05/4 response variables ¼ 0.0125, as in Dooley et al. [35] .
To model the effects of species richness alone, we replicated all analyses with one key change: following Schmid et al. [29] and others (e.g. [38] ), we included planted community composition as a random effect in each model. This conservative test allows us to ascribe differences to richness only when differences in a response within a host richness level (i.e. polycultures or monocultures) are smaller than those between richness levels [29] . In other words, this analysis tests the effect of host species richness after accounting for variation in host composition.
Results
Across insect and microbial parasites, parasite abundance increased by 16% with host diversity (p ¼ 0.032), but did not significantly respond to host resource supply (p ¼ 0.40), nor the interaction between resource supply and host diversity (p ¼ 0.91; electronic supplementary material, table S1; figure 2a). After accounting for variation in host composition, the effect of host diversity on parasite abundance became marginally non-significant (p ¼ 0.054; figure 2b ). This suggests that host diversity influenced parasite abundance via changes in host composition and host richness.
Across insect and microbial parasites, parasite richness was influenced interactively by host diversity and resource supply to hosts ( p ¼ 0.0022); parasite richness increased by 103% with increasing host diversity in fertilized plots and 151% in ambient plots (electronic supplementary material, table S1; figure 2c ). The effect of host diversity on parasite richness and its interaction with resource supply to hosts were both attributable more to host richness than to host composition, as they remained significant even after accounting for variation in host composition (diversity, p , 0.0001; diversity Â resources, p ¼ 0.0005; figure 2d) .
To compare the responses of insect and microbial parasites with host diversity and resource supply, we used multivariate response regression. In an ANOVA of the aggregate response, rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171340 there was no interaction between host diversity and resource supply ( p ¼ 0.25; electronic supplementary material, table S2), so we reduced the model by dropping that interaction. In the reduced model, the multivariate response was additively influenced by host diversity ( p , 0.0001) and resource supply ( p ¼ 0.0011). These effects did not change when accounting for variation in host composition (diversity, p , 0.0001; resources, p ¼ 0.0003; diversity Â resources, p ¼ 0.09). Following Dooley et al. [35] , we do not draw inference from these ANOVA results; rather, our inferences are based on pairwise comparisons of fixed coefficients from the reduced model, averaged over the block effect, with a Bonferroni correction of a* ¼ 0.05/4 ¼ 0.0125 (figure 3; electronic supplementary material, table S3; pairwise comparisons from the full model are presented in electronic supplementary material, figure S1 ), as follows.
Insect richness and abundance were positively correlated (r ¼ 0.68), as were microbial richness and abundance (r ¼ 0.48; electronic supplementary material, table S3). To our knowledge, a correlation between richness and abundance has not been previously reported for plant parasites.
Richness of both insect and microbial parasites increased with host diversity (a* ¼ 0.0125; p ¼ 0.0002 and p , 0.0001, respectively). These effects remained significant after accounting for host composition (a* ¼ 0.0125; p ¼ 0.0043 and p , 0.0001 respectively), indicating that this effect could be attributed to variation in host richness. Although both groups responded to host diversity, microbial parasite richness responded more strongly to the treatment than insect parasite richness: insect and microbial richness were not significantly different in monocultures (a* ¼ 0.0125; p . 0.35), but in polycultures microbial parasite richness increased by 143%, while insect richness increased by 71%. As a result, microbial parasite richness was significantly higher than insect richness in polycultures (a* ¼ 0.0125; p , 0.0001). Neither insect parasite richness nor microbial parasite richness responded significantly to fertilization (a* ¼ 0.0125; p ¼ 0.12 and p ¼ 0.070, respectively).
The effects of host diversity and resource supply on parasite abundance were largely attributable to insect parasites. Resource supply to hosts decreased insect parasite abundance by 44% (a* ¼ 0.0125; p ¼ 0.0031), but did not influence microbial parasite abundance (a* ¼ 0.0125; p ¼ 0.85). Moreover, insect parasite abundance increased 90% with host diversity (a* ¼ 0.0125; p ¼ 0.0016), whereas microbial parasite abundance did not (a* ¼ 0.0125; p ¼ 0.053), indicating that insect parasites experienced disease amplification, but that microbial parasites did not. This is consistent with the hypothesis that parasites experiencing frequency-dependent transmission, but not density-dependent transmission, would undergo disease amplification. The effect of host diversity on insect parasite abundance became non-significant after accounting for host composition (a* ¼ 0.0125; p ¼ 0.033), indicating that this effect was attributable more to host composition than host richness. This is consistent with the hypothesis that parasites experiencing frequency-dependent transmission would undergo disease amplification due to changes in host composition, rather than host richness.
Discussion
Theory predicts that parasites experiencing frequencydependent transmission should respond more strongly to rspb.royalsocietypublishing.org Proc. R. Soc. B 284: 20171340 changes in host composition than parasites experiencing density-dependent transmission [33, 50] . Because disease amplification requires a stronger response to host composition than host density [21] , we expected that insect parasites with freeliving lifestages that can actively search for hosts would be more likely to experience disease amplification than parasites exhibiting density-dependent transmission. Our results support this hypothesis. For insect parasites, randomly assembled polycultures favoured amplification rather than dilution, and this effect could not be attributed to richness. We also expected that parasites experiencing density-dependent transmission would experience a balance between dilution due to changes in host density (e.g. [17] ) and amplification due to changes in host composition (e.g. [18] ). Previous studies of microbial parasites, specifically foliar fungal parasites (e.g. [14, 17] ), have found dilution effects that were the product of shifts in host density. By contrast, microbial parasite abundance in our system did not respond to host diversity generally, nor to host richness alone. We suggest that this contrasting result is explained by the effect of host composition being stronger than in the previous studies, thus balancing the effect of host density and resulting in no net effect of host diversity on microbial parasite abundance. In our experimental design, each host species in polyculture experienced a fivefold decrease in stem density relative to monocultures, similar to the previous studies. Unlike the previous studies, our parasites may have experienced stronger effects of host composition because our parasites had broader host ranges (electronic supplementary material, table S4), and a broader host range increases the potential influence of host composition. Together, using predictions grounded in fundamental theory about frequency-versus density-dependent transmission [33] , these results may help to resolve a contentious issue [5, 51] : the generality of the relationship between host diversity and disease. Disease amplification is expected to be largely driven by shifts in host composition, not in richness alone [22] . Consistent with this expectation, richness alone was insufficient to explain disease amplification in this study. This result also held at the parasite morphospecies scale (electronic supplementary material, figure S2 ). Even among individual parasite morphospecies experiencing amplification, the variance in monoculture plots was greater than that in polyculture plots, consistent with the sampling effect of biodiversity that was detected at the host community scale. Specifically, because host species were added randomly, polyculture plots were more likely to contain the most heavily infected host species by chance alone, generating an amplification effect at the scale of the host community. This is in contrast to the effect of host richness on parasite richness, indicating parasite colonization [5] , which was not influenced by host composition. Across all parasites, parasite richness was interactively influenced by host diversity and resource supply to hosts, and this effect was at least partially attributable to variation in host richness. The increase in parasite richness from monoculture to polyculture plots is consistent with many other studies (e.g. [13, 15] ). All parasite species, even broad host generalists, show some degree of host specificity [52] , and, consequently, species-rich host communities should represent a more heterogeneous pool of resources for parasites, supporting a greater number of parasite species [15] . These results are consistent with this hypothesis. Host species richness strongly increased parasite richness even after accounting for variation in host community composition.
The effect of host diversity on parasite richness was reduced by experimental fertilization. Eutrophication can reduce species richness by altering competitive interactions among species [10] . If experimental fertilization influences the nutrient content of host tissue (e.g. [12] ), then parasite richness may decline in experimentally fertilized plots via the same mechanism. This mechanism, however, should reduce parasite richness across all levels of host richness. Alternatively, experimental fertilization may alter competitive outcomes among hosts [10, 53, 54] , causing one or a few host species to dominate fertilized polycultures, even when host richness is maintained [55] . Even in such situations where fertilization does not decrease host richness, if it strongly decreases host diversity, then fertilization may also consequently reduce parasite richness.
The risk of infectious disease (i.e. disease risk) is multivariate [21] . For example, measures of disease risk may include factors such as disease transmission (e.g. [56] ), infection severity (e.g. [6, 57] ) and mortality (e.g. [57] ), which are influenced by the abundance of parasites in a community. Measures of disease risk can also include colonization of hosts in a community (e.g. [58] ) and emergence of new infectious diseases (e.g. [59] ), particularly infection of novel host species (e.g. [60] ), which may be determined by the richness of parasites in a community. Importantly, our results indicate that even when positively correlated (e.g. [9] ), parasite abundance and richness may still respond differently to the same characteristics of host communities [5, 14, 61] . To our knowledge, a correlation between abundance and richness has only been made in two other host-parasite systems [9, 61] and never for plant parasites.
Effects of host diversity on parasite abundance and richness may depend jointly on parasite transmission mode [33] and on the composition of the host community [28] . Models examining this hypothesis have been interpreted as making the prediction that parasites experiencing frequency-dependent transmission are more likely to experience dilution than those experiencing density-dependent transmission (e.g. [33, 50, 62] ). However, these models have included the assumption that increasing host richness reduces the frequency of the most competent host (i.e. competence and species richness are non-random, with the most competent hosts most likely to persist at low host richness). Accounting for this assumption suggests another interpretation of that prediction: that parasites experiencing frequency-dependent transmission are more sensitive to host competence than those experiencing density-dependent transmission. This interpretation, in combination with the observation that random addition of host species tends to increase community competence [22] , leads to the following prediction. When community assembly is random, a greater sensitivity of frequency-dependent parasites to host competence and reduced sensitivity to host density will drive a stronger amplification effect for frequency-dependent parasites than their density-dependent counterparts. In our experiment, community assembly was random, and the results support this prediction. More diverse communities experienced higher abundance of insect parasite (with more frequency-dependent transmission), but not microbial parasites (with more density-dependent transmission), and this effect could not be attributed to host richness alone, suggesting that it was driven by host competence.
For these reasons, the complex relationships that link host diversity and infection risk are often difficult to explore mechanistically [5] . To our knowledge, this study represents the first multivariate analysis of infection risk in a host community. Specifically, we used a multiresponse model with an experimental host-parasite system to examine mechanisms driving parasite diversity, improving on past studies. Many studies examining the relationship between host diversity and parasite abundance have been criticized for focusing too little on the mechanisms that drive these relationships [5, 20, 51] . The multiresponse models employed in this experiment examine how characteristics of parasite species influence their response to host diversity and resource supply to hosts, providing mechanistic insights into the processes that structure parasite communities. Furthermore, this analytical framework, which is grounded in the diversity-ecosystem multifunctionality literature, is generalizable across responses [35] and may therefore represent a new tool for evaluating mechanisms that drive the relationship between biodiversity and disease more broadly.
Data accessibility. The data and code supporting the results have been archived on Dryad: http://dx.doi.org/10.5061/dryad.5tj50 [63] . Sequences associated with specific fungal morphospecies are deposited in NCBI GenBank under accession numbers MG016006-MG016021.
